The present paper attempts to investigate the dynamic relation between the stock market and the select macroeconomic variables at log-levels, in India, for the period 1991:01 to 2008:04. Findings of the study show that the long-run stock market behavior is positively related to output and exchange rate, and negatively related to short-and long-term interests, money supply and inflation. The results of the causality and innovation analysis suggest that the stock market influences the economic activities, more specifically the industrial activities and the market is expected to be more sensitive to the shocks of itself over the projected period of the study.
Introduction
Stock market as an economic entity can survive if and only if movement in market remains closely intertwined with macro economy. The claim, in a sense, asserts that a well functioning market can only be treated as a boon to the society, in absence of which we have to search for alternative means of financing the real sector. This theme provoked many researchers to examine the case of market efficiency of both developed and developing economies. Findings of the studies vary but the importance of a competitive market in an economy is unquestionable [1] - [11] . The issue is much more important for the developing economies, thanks to the widespread belief that bank, not an ill-developed capital market, can usher economic prosperity. The current thesis aims to investigate the efficiency of Indian capital market to answer the queries-should we embrace or reject it.
There are few studies based on Indian experiences but all the exercises are subject to criticism on the count that either the studies have relied on orthodox methodology [12] or dealt with a short horizon [13] - [15] , or ap-plied questionable methodology [14] [16] [17] .
Again, some others have missed or ignored, at least partially, the most colorful and dynamic period of Indian economy in course of their study [18] [19] . Hence, we have little or no information about the macroeconomic link to Indian stock market, especially in the "free-economy" regime. Any objective answer about the form and direction of the link between stock market and fundamental macroeconomic factors is important in the sense that it may help to assess the level of efficiency of asset market, monitor and manage financial risk, price derivatives, find more exact solutions to problems of optimal portfolio selection [20] and develop a better understanding about the potential macroeconomic determinants of systematic financial risk [21] .
Against this backdrop, the present paper aims to investigate the dynamic relationship and predictive causality between the select macroeconomic variables and the stock market in India. Precisely, objective of the current thesis is to suggest how the Indian stock market interacts, influences and is influenced by macro economy over a period that ranges from January, 1991 to April, 2008 . The remainder of the study is structured as follows: Section 2 deals with the hypothesized relation between the stock market and select macroeconomic variables. Data and time period are provided in Section 3. Empirical methodology, findings and their interpretations are detailed in Section 4. Section 5 sums up the findings obtained from the study.
Variables and Their Hypothesized Relationship
Demirguc-Kunt and Levine [22] suggest that one of the differences between the developed and emerging economy is that, the former has a more matured and well-developed financial system which includes "advanced stock market" than the latter. Furthermore, economists often argue that the knowledge about the behaviour of market is essential as this sort of competitive market will assume an important role in the "changed regime" [23] - [25] . India, like the other emerging markets, is pursuing the "free-economy policy" from the early 1990's and during the last two decades there is a momentous change in each and every segments of her economy. Do these changes in macroeconomic variables and share price movements are inextricably intertwined? In our quest to investigate the relationship, especially in the "changed" regime, the macroeconomic variables are selected on the basis of the relevant literature in this field [7] - [9] [12] [15] [26]- [33] and by applying our own economic intuition [34] . Finally, Index of Industrial Production (IIP), Whole Sale Price Index (WPI), Money Supply (M3), Yield on 91-day Treasury Bills (YTB), Yield on Long-term (10-year) Government Bonds (YLGB) and an external competitiveness measure i.e., "the price of US dollar expressed in terms of domestic currency" (EX) are chosen to estimate the relationship in aggregate with the stock prices in India.
In pursuing the objective of this study we hypothesized to estimate the model below: 
The relationship between interest rate and stock price is at best fuzzy. Literature in this area is marked with contradictory evidences that, instead of solving, is sufficient to provoke further debate [34] - [36] . Following the theory of capital asset pricing model, some researchers argue that a rise in risk free rate will result in a decline in asset price and vice versa [4] [31] [37] . This view is, however, contested by many scholars [5] [35] [38] , Furthermore, neo-classical and Keynsian view differs widely on the probable relationship between interest ratesavings-investment and asset price. While liberalists argue rise in interest rate at equilibrium level will attract more savings, thereby investment, economic growth and increase in asset prices. Alternatively, Keynsians propose fall in interest rate induces more consumption and the increased demand accelerate the growth of real sector that helps rise in asset prices. Virtually, it is a debate over: Is it supply or demand led growth strategy that can help in economic prosperity? Is there any positive role of interest in monitoring money supply, change in the level of economic activities and asset prices? Lessons of earlier studies of both finance and development economists suggest that interrelationship between interest, real sector and share prices is still unclear and researchers may find enough evidences in support of their position.
The relationship between stock return and real variables like output is well researched by the scholars. Fama [1] posits that the stock returns are positively related to output. Finance and economic literature widely supports that the allocative efficiency of stock market contributes in faster economic growth that adds to the vigor of asset market activities. Some scholars even argue that an efficient and well integrated capital market helps in global diversification of funds, greater options for risk reduction and encourage investment in "high-risk-high-return" projects [39] . The theory virtually endorses the policy of globalization that acclaims the strategy of diversification would help to maximize utilization of global resources and energies equity market around the world. But, an immaculate pricing mechanism of market can only help to keep its promise of increases in global productivity through wise allocation of resources. As the allocative efficiency of the market around the globe varies, we find divergent empirical evidences on stock return and output. Hsing [40] , assuming stock prices affect output through wealth and investment, reports a short-term negative and long-term positive link between stock return and output in the context of emerging market like Brazil. The positive relationship between stock return and output is confirmed by several researchers through their empirical works based on a wide variety of economies and time-horizons [9] [12] [15] . But the direction of causation between stock market and economic growth measured in terms of industrial production is not clear. Hence, the issue deserves further attention and we hypothesize that industrial activity and stock market behavior is positively related to each other.
In his seminal work, Fama [1] suggests that there exists a negative relationship between stock (excess) returns and inflation because higher inflation rates induce higher nominal risk-free returns that results in a decrease in asset prices. DeFina [41] attributes the negative relationship due to nominal contracts that disallow the immediate adjustment of the firm's revenue and costs. Shen [42] argues that the portion of inflation rate unanticipated by the economic agents would surprise markets and cause dramatic movement of stock prices through changes in investor's expectation of compensation in the form of additional returns or yields. Chancharoenchai et al. [7] have also reviewed the complex relationship between inflation, volatility, risk premium and its impact on stock prices and confirmed the findings of earlier studies. However, Abdullahand Hayworth [37] observed that US stock returns are related positively to inflation. We hypothesize that both anticipated and unanticipated inflation inversely affect aggregate stock prices.
Neo-classical theorists suggest that in a credit constrained economy demand for money for investment would absorb all available funds of society leaving no scope for credit rationing. They argue that the demand deficiency does not matter; and the growth of developing economy is sub-optimal due to non-availability of investible resources. Thus, one can hypothesize, increase in money supply results in increase in investments causing higher economic growth which in turn contributes more activity in the stock market. However, the success of supply led growth strategy, among many other factors, largely depends on fiscal discipline in absence of which theorists believe that increase in money supply may cause higher inflation that may retard rather than encourage and promote economic growth and stock market activities [43] [44] . Abdullah and Hayworth [37] , Mukherjee and Naka [45] and Chancharoenchai et al. [7] suggest that the money supply can be linked to stock prices through portfolio substitution or inflationary expectations. Portfolio theory suggests that an increase in money supply may induce asset managers to rebalance their holding. The nature of rebalancing, indeed, will depend on possible impact of money supply, both good and bad, on inflation, discount rate, corporate earnings and asset prices. Thus, we hypothesized that money supply maintains either positive or negative relationship with stock market activities.
The relationship between exchange rates and stock returns primarily depends on the nature of the economy. For the export dominated country the depreciation of domestic currency will have a favorable impact on the domestic stock market and vice versa [45] [46] . Again, the depreciation of domestic currency may also contribute to capital out-flows, increase in foreign liabilities, etc., which may ultimately slows down the economic and stock market activities. Hence, a negative relationship is expected [47] . On the other hand, an appreciation in the value of domestic currency may cause a decrease in stock prices for the companies under the export sector and an increase in stock prices for the companies under the import sector. It may also increases the pay-offs of the domestic assets held by foreigners in their own currencies. Thus, the theoretical explanations and empirical evidences on the relation between the exchange rates and asset prices fail to suggest any definite direction about the interdependence among the variables. Estimations based on the monthly data provide a short-run insight and at the same time capture more macro-economic relationship than the very high (daily) or low (yearly) frequency data [48] . Thus, we have used log-level monthly data series for all the variables under this study (except YTB and YLGB, see [26] ) from January, 1991 to April, 2008. The basic data are collected from the various publications and the official web-sites of the Reserve Bank of India and the Bombay Stock Exchange.
Data and Time Period

Empirical Methodology and Findings
Time Series Properties
In our quest to search the dynamic relationship between the stock prices and the select macroeconomic variables, we have estimated the relationship by considering the model described in the Equation (1) . For this, we have examined, firstly, the order of integration of the time series at log-levels with "constant", and "constant and trend". In the literature of time series analysis, huge stock of unit root tests emerged during the past quarter century, but the certainty about inference is yet to be converged. There is ambiguity on what procedure of testing should be adopted and how much this procedure is reliable [49] [50]. Thus we relied, primarily, on the widely used ADF test [51] and then tested the series with the methodologies posited by Elliott, Rothenberg and Stock [52] (DF-GLS test) and Ng and Perron [53] , using the lag order suggested by Schwarz [54] . All the variables under our study are found integrated of order one when we have used the "constant", and "constant and trend" at one percent level of significance ( Tables 1-3 ).
In our next step, the optimum lag order is searched and selected by using the "information criteria" like: Akaike Information Criterion (AIC) [55] , Schwarz Information Criterion (BIC) [54] and Hannan-Quinn Information Criterion (HQC) [56] in a VAR framework. Thus, we have obtained one lag order under BIC and HQC and two in AIC (see Table 4 ) as the optimum one. Bearing in mind the informational efficiency of stock markets, empirical studies generally prefer lower-order lags [57] - [59] . Thus, we have used lower-order lag length, i.e., one throughout our subsequent empirical analyses.
The number of significant cointegrating vectors and the deterministic component present in the cointegrating space are investigated simultaneously by using the maximum likelihood based λ max and λ trace statistics suggested by Johansen [60] [61] and Johansen and Juselius [62] [63]. 
where Δ stands for first difference, μ o includes deterministic components (non-seasonal), y t is a px1 vector ( here, p = 7 for our study), Γ and Π are coefficient-matrices representing short and long-term impacts, respectively and ε t is residual vector assumed to be independent and identically distributed as multi-normal distribution with mean zero and variance Ω. Johansen [60] [61] decomposes Π in to two matrices α and β, both of which are p x r matrices (r < p) such that Π = αβ′. Thus, the rows of β may be defined as the r distinct cointegrating vectors. Then a valid cointegrating vector will be given by the corresponding eigenvalue [61] . Here, α and β are pxr matrices and denote the loading and the cointegrating space with order r, respectively. Johansen proposes a "Trace test" for determining the cointegrating rank "r" such that:
( )
and a likelihood ratio test to assess whether there is a maximum number of cointegrating vectors against r + 1 such that:
with critical values given in Johansen [61] . Since λ trace statistic takes into account all (n -r) of the smallest eigenvalues, it tends to have more power than the λ max statistic [4] [65] [66] . In the cases where a conflict between these two test statistics occurs, Johansen and Juselius [62] suggested to use the λ trace statistic. Moreover, we have estimated three models to ascertain the deterministic component present in the cointegrating space of the variables under our study. The models are: 1) where there is no data trend at level, and intercept with no trend is present in the cointegrating space of the variables (M-1), 2) where there is a linear trend at level, and intercept with no trend is present in the cointegrating space of the variables (M-2), and 3) where there is a linear trend at level, and intercept with trend is present in the cointegrating space of the variables (M-3). The search procedure runs from the most restricted form to the least one. In our seven-variable system, constant (linear trend) (see Table 5 ) and two cointegrating ranks are obtained in the cointegrating relationships (see Table 6 ).
The Relationship
Johansen and Juselius [62] [63] have noted that the first cointegrating vector corresponding to the highest eigenvalue is most correlated with the stationarity part of the model, hence we have followed this to report the cointegrating vector. After normalizing the stock price indices to one, the long-term relationship between stock prices and macroeconomic variables corresponding to the highest eigenvalue at the optimum lag order with one cointegrating rank is: The short term adjustment coefficient of the stock market is (-) 0.002182 with SE and t-statistic equals to 0.00232, and 1.28655 respectively. The Portmanteau Test statistics attest the presence of no auto-correlation in the residuals of the above long-term relation (see Table 7 ).
As proposed by Johansen [60] , the likelihood ratio test is carried on to assess the significance of the variables individually and on the basis of the homogeneous economic segments they belong to, that is, money supply and interests (which is represented by YTB, YLGB and M3), goods market (IIP and WPI) and exchange market (EX). The results indicate that all the variables when tested under different homogeneous economic segments or markets are statistically significantly belong to the co-integrating space. When the variables are restricted and tested individually, we find, only the output, money supply and exchange rates are statistically and significantly forming the core of the long-term relationship with the stock market (see Table 8 ). Our observation also suggests that the index for industrial production, money supply and exchange rate are the major long-term determinants of the Indian asset market; the segments of the Indian economy under the study i.e., bond market and monetary base, output market and foreign exchange markets are integrated with the stock market. Hence the traits in one market are expected to be estimated and explained well by the activities of the other markets.
The findings of this study are consistent with the macroeconomic theories and the empirical works carried on by several scholars [ The negative relationship between long-term interest rate and stock price virtually negates the arguments of neo-liberalists who theorized higher interest rate (equilibrium) attracts more savings thus investment grows that allows investors to earn more return in the market. The negative coefficient of short term interest rate is very much consistent to the finance and economic theories. The negative relationship between the short term interest rates and stock market is reported by many scholars like, Bulmash and Trivoli [15] in the case of the United States, Wangbangpo and Sharma [4] for Philippines, Singapore and Thailand, Adjasi, et al. [68] for Ghana, Mukherjee and Naka [45] and Maysami and Koh [69] for Japan.
Inflation and stock price is negatively related in our study. The finding is consistent with finance theory but contradicts the experiences of developed economies [35] [37] etc. It is worthwhile to mention that both money supply and inflation, the two variables that are closely intertwined with one another, show the same pattern, i.e., negative relationship with asset price. Presumably, belying the hope of the no-classical theorists, money supply is contributing in inflation and adversely affecting the functioning of stock market.
The positive relationship between the exchange rate (EX) and asset prices indicates the dominance and anchoring of the export oriented companies in the Indian stock markets. The evidences from the markets like Japan [45] , Indonesia, Malaysia, Philippines [4] , India [70] [71], Fiji [72] and many others attest our finding. Our observation also supports the popular belief that flow of foreign fund in Indian economy boosts up economic activities and asset price. The flow of fund has a spiraling effect. The increasing trend in capital-inflows coupled with the depreciation of domestic currency offers an excellent opportunity to global investors to maximize their return by investing in India that adds vigor to capital market [73] .
The Causal Relationship
We have estimated the Granger causal relationship between the variables within the framework of vector error correction model using the optimum lag order, the deterministic component and one cointegrating relationship.
Firstly, we hypothesized to investigate prima facie causality between stock market vis-à-vis the select macroeconomic variables in a bivariate setting. Testing for prima facie causality is considered by the scholars as the first major step towards concluding causality between two variables in presence of other variables [67] . We have found that the prima facie causality runs only from stock market (Index) to output (IIP) (see Table 9 ). Next, we hypothesized to test whether the select macroeconomic variables jointly can predict the movements in stock market and vice versa. We observed that there exists a bi-directional causality between the stock market and the select macroeconomic variables at less than ten percent level of significance (see Table 9 ). It indicates that the stock prices are the functions of the past and current values of the economic activities measured by the select variables under the study. Alternatively, the reverse casual relation suggests that past values of the stock price variations can be perceived as a good indicator for their macroeconomic performances as a whole. In a more stringent level of significance (i.e., less than one percent), stock market activities lead the economic activities and not the vice versa. Grossly, it indicates that in the "new regime" the growth of Indian industrial economy depends on the growth of capital market. The experience suggests that Fry [23] and others are correct in adoring the role of the market in economic development.
The Innovation Analysis
Unlike the Granger causality test, the Impulse Response Analysis provides a quantitative idea about the potential responses of the variables against the innovations on themselves and the others. If we assume that the equation system of a time series y t is stable, then the equilibrium is found by obtaining the final form of the system. By using lag operator and stability condition, one can write the form as: 
where, v t is the error term. From the equation (Equation (6)), we can say, y t would reach its equilibrium position ŷ, if v t , v t−1 , v t−2 equals to zero. Now, if we inject a shock to the system by changing one of the v's in the above equation, for one period, and then returning it to zero thereafter, then we will see y mt will move away from, then return to its equilibrium. The impulse response of the system is the path whereby the variable m (i.e., y mt ) returns to the equilibrium position [74] .
As the responses to innovations are likely to be sensitive to the ordering of the variables, we have followed the suggestion of [75] and arranged the variables as follows: Index, YTB, YLGB, IIP, WPI, M3 and EX. The Impulse Response Analysis is carried on for a horizon of ten months. We have estimated the responses of stock prices to "one standard deviation shock" of macroeconomic variables and vice versa with all significant cointegrating ranks to check the robustness of the observations obtained from Granger causality test.
The Indian asset prices are observed to be sensitive more to their own innovations. The impacts of the "one standard deviation shock" in stock prices to the market itself are almost flat over the horizon of 10 months. A close scrutiny of the responses indicates that the market has the potentiality to be more efficient in the future. Strictly, the next best substantial response of the macroeconomic variables to the Indian stock market is the IIP followed by the exchange and the rest others. The impacts of the "shock" in IIP, M3, and WPI individually on the stock prices are marginal (see Table 10 ). It confirms the results obtained from the prima facie Granger causality which runs from the stock prices to IIP and suggests that the market satisfies the condition of weak form of efficiency. The Innovation accounting completes itself with the Forecast Error Variance Decomposition Analysis. Unlike the Granger causality test, it provides some more information on the strength of a causal relationship between economic variables in addition to the direction of such a causal relationship [76] . In the cases where the causal relationship may be statistically insignificant, we can use forecast error variance decomposition analysis to measure the relative importance of other economic variables in influencing a particular economic variable [67] . Thus the analysis is carried on by this study for a future period of 10 months for "one standard deviation" innovation in stock prices and macroeconomic variables. We have used all the significant cointegrating ranks and followed the order of the variables similar to the Impulse Response Analysis. The results are shown in Table 11 . The findings of the variance decomposition analysis reinforce the results of the impulse response analysis and causality tests with a greater degree of clarity. At the sample horizons, forecast error variance in stock prices is explained mainly by itself (100 to 99.2 percent) and the individual explaining ability of the other macroeconomic variables is negligible (less than one percent and IIP come out as the best performer amongst the others, see Table 11 ). Gunasekarage et al. [32] , also reported similar observations in the context of Sri Lanka. Again, the forecast error variance of industrial production is weakly explained by the stock prices (which are little over one percent on and from the fifth month) although the rates are increasing gradually over the future forecasted period of the study. The results of the variance decomposition analysis grossly support the findings of the prima-facie Granger-causal relation, that is, the stock market activity has a positive impact to lead the Indian real sector. The forecast error variances of other macroeconomic variables are best explained by the respective variables themselves and very marginally explained by the stock prices. The secondary focus of the findings of innovation accounting indicates the supplementary role of output in the context of the Indian asset market.
In essence, the overall results of the innovation accounting confirm the findings of Granger causality tests. The observations also reveal that the market itself is the most active determinant to influence its own behavior.
Conclusions
The link and influence of macroeconomic variables on aggregate stock prices and vice versa is an issue of intense debate for the last few years. Relying on the current but widely used robust econometric tools, the present paper attempts to investigate the dynamic relation between the stock prices and select macroeconomic variables, at levels, covering the post liberalization period of Indian economy.
Problem with this type of analysis is, for a number of variables it is unclear how and exactly in which manner a particular parameter influences market activities. This may be due to the presence of innumerable events that interfere in the relationship and influence asset prices. However, findings of cointegrating relationship between explanatory variables and stock market behavior more or less satisfy our general intuitive feeling and economic theory. But, at the same time, observation of this study brings the conclusions of the efficient market hypothesis in doubt. All the findings from co-integration analysis, Granger casualty and innovation analysis suggest a pattern of relationship that very precisely may be stated as-Indian stock market leads the economic activities and the core determinants of the asset market are the market itself, IIP, money supply and exchange market. This is of course encouraging but self sensitivity of the market and weak influence of other macroeconomic variables on its functioning is a disturbing phenomenon which indicates that there is an urgent need to improve the market efficiency.
